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VI= virus isolation.

Introduction
Avian influenza (AI) is responsible for several epizootics and poses a continuous worldwide threat to agricultural biosecurity and public health since the 1996-1997 emergence of H5N1 avian influenza virus (HPAIV) in Hong Kong [1] . Originally circulating in poultry in Asia, the virus has spread to more than 60 countries in Africa, Europe, Middle East, and the United States [2] . Infections with avian influenza viruses (AIVs) are notifiable "Listed-diseases" per the Office International des Epizooties (OIE) [3] , and the viruses are categorized into two pathotypes based on their virulence in chickens : the "highly pathogenic" avian influenza (HPAI) and the "low pathogenic" avian influenza (LPAI) [4] . AIVs are further classified into different subtypes on the basis of antigenic differences in hemagglutinin (HA) and neuraminidase (NA), two viral surface glycoproteins. HPAI causes routine waves of high mortality in susceptible poultry and human cases have also been reported in individuals with direct contact with infected poultry. As of February 2016, the mortality rate of HPAI viruses in humans was reported to be 53.07% (449 deaths out of 846 reported cases) [5] .
Bangladesh is one of the most densely populated countries in the world, both for human (1072 people/ km 2 ) and poultry populations (1194 birds/ km 2 ) [6] [7] [8] , with seven confirmed HPAIV cases including one fatality reported to date (July, 2015) [9]. According to the OIE and the United Nations Food and Agriculture Organization (FAO), Bangladesh and its neighboring countries (Myanmar, Bhutan, Nepal, China, and Indonesia) are endemic for HPAIV [10] . This is a major public health concern and since the poultry industry in an agriculture-based economy like Bangladesh comprises 20% of the livestock sector, the continuous culling of an estimated more than 250 million infected animals [11] is causing an increase in food insecurity [12] as well as affecting economic growth [13] . Low and highly pathogenic avian influenza A virus subtypes 6 including highly pathogenic H5N1 avian influenza virus subtype among waterfowl, pet birds, and poultry were reported from Bangladesh [14] [15] [16] [17] [18] The epidemiology of avian influenza is a complex phenomenon. Live bird markets (LBM) are considered to be man-made reservoirs of AIVs, as backyard chickens and ducks play a significant role in the epidemiology and transmission of these viruses [19, 20] . The recent human infections with avian-origin H7N9 and H10N8 AIVs in China highlight the importance and role of domestic ducks as intermediary mixing vessels for various AIVs subtypes and transmitting them to chickens and humans [21] . 
Materials and Methods
Ethical Statement:
All experimental and animal procedures were undertaken to ensure animal health and well-being throughout the study via enlisting three licensed veterinarians from the sampling districts to collect sera and swabs from the birds. Additionally, the study was approved by and in accordance with the requirements the Institutional Animal Care and Table 1 . Resources for surveillance activities, including testing kits, were limited and C and OP samples were pooled for each individual bird before testing for AI to reduce costs (Table 2) .
Virus isolation in embryonating chicken eggs
For each bird, two samples (C and OP) were pooled in the laboratory and tested using a VI technique. VI was conducted using inoculation in 11-day-old specific pathogen free (SPF) 
Rapid AIV antigen test
Cloacal and oropharyngeal samples were initially screened using AIV antigen detection test kits (Bionote, Korea) according to the manufacturers' instructions.
Viral RNA extraction, molecular detection and subtyping of AIV isolates
AIV positive allantoic fluid samples were subjected to total RNA extraction using the SV Total RNA Isolation System (Promega, WI, USA) according to the manufacturers' instructions as described previously [34] . RNA was eluted from the membrane using 100 µl nuclease-free water by centrifugation at 12,000 × g and the eluted RNA was quantified using Nanodrop to determine its quality. The purified RNA was free of protein, nucleases, and other contaminants and inhibitors. Purity was determined by calculating the ratio of corrected absorbance at 260 nm to corrected absorbance at 280 nm; i.e., (A 260 -A 320 )/ (A 280 -A 320 ). Pure RNA had an A 260 /A 280 ratio of 1.7-1.9. RNA was kept at -80°C until used as template during RT-PCR reaction.
To screen for the presence of AIVs, pooled C and OP samples as well as individual C and OP samples were tested using conventional RT-PCR assay targeting the viral M gene as described previously [34, 44] . Briefly, RNA was extracted from these samples (using commercial RNA extraction kit (Qiagen, USA) and RNA was subjected to RT-PCR (Promega, USA). Viral RNA extracted from an avian influenza vaccine strain (Fnf Pharmaceuticals, Bangladesh) was used as a positive control.
M gene positive samples were subtyped using H5, H7, N1, and N9 gene-specific one-step RT-PCR tests as described previously [44, 46] . HA and N genes PCR products were purified using SV Minicolumn (Promega, Madison, USA) and purified gene fragments were submitted for 11 sequencing using an Applied BioSystem 9700 sequencing facility located in the International
Centre for Diarrheal Disease Research, Bangladesh. DNA sequencing was performed in both directions using the same mixture of primers as was used in the amplification as previously described. The sequence data were aligned with the existing influenza database using the National library of Medicine BLAST search tool available online at (www.ncbi.nlm.nih.gov) to determine the corresponding AIV subtype [34] .
Serological analysis
Chicken sera were analyzed for the presence of AIV antibodies using ELISA kit (BioChek, UK) and duck sera were screened using commercial available competitive ELISA (H5 AIV Ab ELISA AniGen ELISA ® ,BioNote, Suwon, Korea). The ELISA procedure was performed according to manufacturers' instructions as described previously [47] .
Statistical analysis
The Prism V6.01 statistical software (GraphPad, San Diego, CA, USA) and the χ 2 -test or Fisher's exact test were used for statistical analysis.
Results and Discussion
Pooled, individual C, and OP samples were confirmed to be influenza A using M gene-directed RT-PCR assays and positive samples were subtyped as H5N1 using subtype-specific RT-PCR.
As shown in Table 2 , pooled (C+OP) samples (n = 2,133), a single cloacal sample, and OP (n = 18) samples were tested. Some samples (n = 35 C and n= 40 OP) did not have enough sample in some tubes to test the sample and samples were classified as low quality and were discarded.
Low quality sera samples were rejected because the samples were not clear sera and contained red blood cells. RT-PCR assays are described as less sensitive than VI techniques, the gold standard method for the detection of AIVs [35] . In the present surveillance activity, 1.9%
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(41/2152) of the total pooled, C, and OP samples were tested positive by M gene-directed RT-PCR (Table 3) . Of the 41 AIV-RT-PCR positive samples, only 31 samples had adequate sample volume. These 31 samples were subjected to virus isolation in ECEs and subtyping using RT-PCR H5 and N1 primers. All of these 31 samples were found to be H5N1 RT-PCR positive (Table 3) Table 3 . Results of serological testing of avian sera collected in Netrokona district using AIV H5 antibody ELISA revealed that 447/1050 (42.6%) serum samples were found to be positive to H5 specific antibodies (Table 4, Table 5 ). In contrast, samples from Rajshahi and Sherpur districts were found to have a low proportion of H5 AIV positive samples (14.4% and 22.3%, respectively).
Netrokona district is one of the most duck populated area and our results are consistent with the hypothesis that ducks may play a major role as potential reservoir of H5N1AIVs where our findings showed that 42.6% (n=447 out of 1050 duck samples) were found to be positive for H5
antibodies as shown in tale 5, hence duck are responsible for spreading the virus among other species. The existence of lakes and wetlands in the Netrokona area, where migratory waterfowl are grazing near to domestic birds, would facilitate the maintenance and transmission of AIVs from waterfowl into poultry and domestic duck populations. It cannot be excluded, however, 13 that the differences could be a result of a relatively low sample size in these areas in combination with clustered sampling. The extent of the clustering has not been fully established in this study, as we described data reported from samples taken during routine surveillance activities and their approximate locations, and GIS mapping was not within the scope of the activities.
Chicken sera were also screened for anti-influenza antibodies other than anti H5 Abs since H5N1
is usually lethal to poultry, while anti-H5 Abs ELISA test was used to detect antibodies in duck sera since duck act as carrier or reservoir of H5N1 AIVs. The ELISA test results revealed that a large proportion of ducks was seropositive for AIV antibodies, which confirms that these ducks may provide an important reservoir for the circulating AIVs. These ELISA test results were in agreement with previous findings [48, 49] . Interestingly, the proportion of AIV positive by RT-PCR in C and OP samples in different districts did not reflect the results from the sera samples.
For instance, the district with the highest proportion of sera positive samples, Netrokona (42.6 %) (Table 5) , exhibited the lowest (1.7%) proportion of AIV RT-PCR positive results with the C and OP samples (Table 3) . This is to be expected as birds with antibodies would be shedding less-either because they have seroconverted and are not shedding as much anymore or because they have been infected in the past, exposed to AIV which acted as a boost vaccine and therefore, are not as easily re-infected again.
The finding that samples from Rajshahi (5.6%) district showed the highest proportion of H5N1
RT-PCR positive results may be explained in part by the fact that there is long and porous border with India. These borders are not regularly monitored, where many birds could be introduced into Bangladesh illegally through black markets (disambiguation), posing a major threat in the introduction of AIVs including the HPAIV. It may be explained that this population is more secluded with a higher turn over rate. That is at any time in this area the birds have not been 14 exposed to AIV to have a Ab titer and therefore when they are infected, they tend to shed more virus. The occurrence of avian influenza in other districts may be explained by additional factors including contact with the affected birds, transportation of contaminated poultry and poultry products from other regions, and the compromised biosecurity measures during handling of birds and poultry in the country. Inappropriate poultry handling practices complicate the control of avian influenza, particularly of the H5N1 AIV subtype.
As shown in Fig. 2 and fig 3, The present results accounted for a relatively higher percentage of H5N1 AIVs than previously reported from Bangladesh [20] , suggesting a potentially increasing prevalence and progression of circulating H5N1 AIVs in commercial, backyard chicken and duck flocks. This seems credible
given that other studies have reported the existence of poor vaccination and biosecurity practices in backyard farms and the rearing domestic ducks in wetlands. Together these practices allow the 16 mixing of different AIV subtypes between native domestic poultry, ducks, and wild migratory birds [16, 52, 53] .
In the present study, the H7N9 AIV subtype could not be detected using conventional RT-PCR.
Low pathogenicity H7 subtypes among other influenza subtypes including H1, H3, H9, and H10
have however, been detected from LBMs in other studies [20, 54] . The findings of the present study showed that 34% (n=545 out of 1,603) duck samples were positive for H5 antibody and more than 50% (55.6%) of 180 duck samples were tested positive for H5N1 antibodies as shown in Tables 5 and 6 , hence this explain that duck populations act mainly as dynamic reservoir and carrier of H5N1 AIVs, and also plays a major role in the transmission of H5N1 viruses into other species including poultry. Further studies to determine the co infection of these samples with other viruses including but not limited to NDV using next generation sequencing are being conducted on these AIV positive samples to explore further details of epidemiological importance.
Conclusions
There are few recent data about AIV surveillance in Bangladesh. We have investigated the prevalence of AIVs including highly pathogenic H5N1 in poultry and duck in Bangladesh. a Number of duck samples (n=180) and number of chicken samples (n=180; broiler, layer, and backyard, each is 60 samples)
b Hemagglutination results after egg inoculation of samples were tested only for AIV. Other hemagglutinating agents were not shown in the present study, however these samples are being tested for other hemagglutinating agents. c Number of H5N1 AIV samples that could be subtyped using specific H5 and N1 primers.
